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I. INTRODUCTION.
All electric motors in use at the present tine may "be
classified into alternating current and direct current motors
On account of ease of control, the direct current motor has,
up to the present tiiae, "been the only one capable of use for
traction purposes. And, since a high voltage on the trolley
means low line loss, the 500 volt motor is at present stan-
dard, 500 volts "being about as high as direct current machin-
ery can he designed for.
Evidently, for long distance work, excessive line loss
must be avoided somehow, and, since transformers may be
used with alternating, but not direct currents, and the
line voltage stepped up at the power house and stepped
down again at points along the line, traction engineers
have turned to alternating currents. The scheme generally
used until recently, is that of transforming high tension
transmission current do^n to lower voltage at substations,
and then converting it through rotary converters and feeding
it to the trolley as 500 volt direct current.
However, the rotary substation represents high initial
and high maintenance cost, and furnishes innumerable chances
for trouble. The only final solution to the whole trouble
seems to be that of supplying current at high line pressures
directly to the car, and this demands the use of alternating
current motors.
For several years, the best engineers have been laboring
to produce a satisfactory alternating current motor which
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could be easily controlled. Thus far, the motors which have
"been tried are the series motor, the single phase and poly-
phase synchronous motors, the polyphase and single phase in-
duction motors, the repulsion motor, and the repulsion series
or Winter Eichberg motor. Not all have been very successful,
but all have been tried and used in various combinations, so
each will be briefly considered.
The good characteristics of a direct current (series ) motor
for railway work are:- First- an inherently automatic variable
field, adjustable to all speed and load conditions; Second-
large torques without proportionately increased currents; and
Third- the use of a single circuit, permitting the employment
of but one trolley wire.
The undesirable features of this motor are:- First- inef-
ficient speed control. With series parallel control, there
are two efficient speeds with any given torque, and with mul-
tiple control, but one; while all other speeds require rheo-
static loss. Second- the multiplicity of sources of trouble
with the ordinary controlling devices, the trouble increas-
ing with the power handled. The controller has many places
to give out, and is simply a necessary evil in railway work.
Third- the limitation of trolley voltage to 500 or 600 volts
on account of the inherent limitations in the design ©f con-
trollers and motors; while the difficulty of collecting
large currents and the cost ©f copper prohibit the use of
low voltage, A 2400 H,P, locomotive requires from 3000 to
4000 amperes, and such large currents cannot be collected from
an overhead trolley. For this reason high voltage is abso-
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lutely necessary. Fourth- the nuisance, due to electrol-
ysis in cities, and the expensive construction necessary to
prevent it.
To equal the direct current motor, the alternating current
motor must have the chief advantages (i.e. use a single sup-
ply circuit and a variable field); to "be an improvement on
the direct current motor, it must avoid some of the necessary
disadvantages due to the use of direct currents.
The system, then, should "be single phase. The polyphase
motor is essentially a constant field machine, so that it
cannot he used to advantage, compared to the direct cur-
rent motor. Therefore a new single phase motor is required.
On account of the ability to use transformers with alter-
nating current systems, there are practically no limitations
to the voltage, variation in the supply voltage being obtained
by the use of transformers. Motors having characteristics
of the direct current motor, can be controlled without
rheostatic loss by variation of the voltage, using an
induction regulator. In this way effici(5nt operation may
be obtained at any speed, and the least power is required
at the start, the total losses being less than when running
at full speed with the same torque. Thus it is possible, at
least with some systems of control, to operate more advan-
tageously with alternating currents than with direct cur-
rents, providing only that a suitable alternating current
motor be designed.
«
4,
At full speed, direct current motors are slightly more
efficient than alternating current motors, and further are
not quite so heavy; "but the extra power required for extra
load and decrease in efficiency at full load in the alterna-
ting current motor is more than offset by the higher effi-
ciency at starting and the decreased loss on the trolley wire
due to a higher voltage "being used. The loss by rail return
in the alternating current system is also greater than in
the direct current system, "but, here again, the use of
higher voltage causes this objection to be minimized.

II. TYPES OP ALTERNATING CURRENT MOTORS.
Theory and Construction.
1. Compensated Series Motors.
The series motor used in alternating current railway-
work is very similar in appearance to the standard direct
current type. To avoid the excessive heating and sparking
caused by the use of the ordinary direct current motor used
on alternating current circuits, the field poles have been
laminated and compensating coils added to neutralize arma-
ture reactions. Mechanical features which have been tested
for years and found perfectly reliable in the direct current
motor, have been retained in the new type. The field coils
are connected permanently in series. The armature is sim-
ilar to the standard drum wound direct current armature.
The motor is designed for about 250 volts and for frequen-
cies up to 25, Even the curves representing the perfor-
mance of the motor are almost identical with those of the
direct current type. The voltage is obtained by tapping
off from an auto transformer, and the voltage regulation
and hence speed regulation is usually accomplished by
means of an induction regulator.
In the plain series motor having an equal number of turns
in armature and field and equal magnetic reluctance in
all directions, the field coils always act as an impedance
to the circuit, and the armature coils, when stationary,
cause an equal impedance. Disregarding hysteresis, the ar-

6mature current is in phase with the field flux and the me-
chanical position of the coils such as to produce a torque
constant in direction, ^vhatever the direction of armature
and field flux.
Whether the armature be moving or not, there will always
be induced in it an e.m.f, at right angles to the line of
field poles, due to transformer action ,( See Figure l).
When the armature is rotating,
a counter e.n,f,,E,, is gen-
erated in line with the
Fig, 1. field poles by the rotation.
At synchronism, the two e.m.f.'s are equal, E, being in phase
with and Ej. lagging 90° behind the field flux ^ as shown in
Figures 1 and 2. With constant flux, E^is constant, while
E, is proportional to the speed of rotation.
Pig. 2.
The e.m,f,,Ej^, due to field reactance is exactly equal to
E^ , that due to armature reactance, and is in phase with
it. The current is in opposition to the pressure E, , as is
the case of any direct current motor, and hence the power
factor at synchronism is cos tan' 2 or .446. (Figure 3)
The resultant pressure of ro-
tation and reactances has now
risen from its value of 1 at

armature standstill to V ( 1 f - ( . 5 f or 1.12. At standstill,
1= £i
, E bsing the impressed pressure. At synchronism, 1= ..
Corresponding torques will vary as the square of the currents
and will therefore "be in the proportion , or the torque
at synchronous speed has dropped to .8, its value at stand-
still. This will he true, whatever the frequency so that
the plain series type of motor having an equal nuruher of
armature and field turns is not practicable for traction
work.
It has heen found that a change in the ratio of the
field and armature turns produces practically no effect
unless the magnetic reluctance in line with the brushes
is increased. This increase of reluctance is accomplished
by the use of projecting field poles, leaving large air
gaps in line with the brushes, decreasing the local in-
ductive reactance of the armature, raising the power factor,
and improving the torque characteristics of the motor.
The inductive effect of armature current is best reduced
by surrounding the armature with stationary compensating
coils so arranged that the flux generated is equal and op-
posite in phase to that generated in the armature. The com-
pensating current may be obtained either by using the coils
as the short circuited secondary of a transformer of which
the armature is the primary, or the main current may be sent
through the coils. Tests seem to indicate that the former
method gives the best general results where the motor is

used on alternating current circuits only, but that for
direct current circuits the latter method is preferable,
Finzi has built a series motor which has slotted field
poles to reduce the armature reactions, instead of the com-
pensating coils used by Lamme as described above.

2. Synchroaous Motors.
Any excited alternator, if brought up to synchronism and
placed across a circuit of the same pressure and number of
phases at which it is running, will run as a synchronous
motor. The speed remains constant through widely varying
ranges of load up to a considerable overload.
Suppose a synchronous motor be supplied with power from
a single generator, and let
E,= the cm.f, of the generator,
£2.'= the e,m,f, of the motor,
= the phase angle between E, and E^,
R = the resistance of generator armature plus that
of connecting wires and motor armature, and
uiL = the total reactance of the circuit.
The resultant e,m.f,, E, is
obtained as in the diagram,
(Figure 4). Thus E = E,coso(
+ E2.cosf3 . I = current =
Fig^;"4. -=l=r=z= , lagging be-
hind E by angle ^, the tangent of which is , The gen-
erator gives to the circuit power P, =E,I cosfot-^), and the
motor gives the power P^^^Ejj^I cos(Q+<^),
If the cosines are not equal to unity, the power will con-
sist of pulsations of energy, there being four per cycle,
energy being alternately given to and taken from the circuit
by the machine. With positive cosine, the amount of energy
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given to the circuit will exceed that received from the cir-
cuit, and the machine will act as a generator. If the cosine
is negative, the reverse is true, and the machine acts as a
motor.
Eliminating <X and (3 , which are functions of ,
and -e-, P =
,
^j"^
-^, \r cos (^+^) 4-
—==^i==z cos f, and
H>= / r^^^'
/
%^"?f= COS (^-^) -4-
^ « cos (}».
If there were no resistance losses, P, would equal . Neg-
lecting all losses except those due to resistance, the al-
gebraic sum of and P^ is R I^
In the synchronous motor, the power received is varied
"by varying the phase angle. This corresponds to the varia-
tion of slip in the induction motor. For all values of pow-
er received, there are two values of ^, the phase angle be-
tween impressed pressure and current, at one value of which
more current is required than at the other. The current
in either case is equal to 1=
—
^ ^ , Moreover, the values
p
of efficiency of transmission, e^^ is different in the
two cases.
Stable running is caused where the power received is in-
creased at the same time the phase angle is increased, due
t© increase of load. Where the power is decreased at increase
of load, rijinning is unstable. If the phase angle becomes
too great, so that the energy received is less than that
given out, the motor falls out of step and comes to a stop.
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Sudden variations in generator frequency, direction of gen-
erator pressure vector, or excessive load should therefore
be avoided.
The adjustment of 4 from values corresponding to differ-
ent loads Is interfered with "by the inertia of the armature,
each new value being overreached and thus causing constant
oscillation on both sides of the mean value and this action
is called hunting.
The diagram (Figure 5) shows the case where the motor
pressure E is in phase with the current, diagram (Figure 6)
shows the case of the current lagging behind the motor pres-
sure, and diagram (Figure 7) that of the current leading the
motor pressure. The various conditions may be produced by
varying the field excitation of the motor. From the diagrams,
it may be seen that, for the same impressed pressure E,
greater motor field excitation is required for leading currents
and less for lagging currents.
In the preceding discussion, the single phase motor has
been considered, but the same discussion refers also to a
single phase of a polyphase synchronous motor.
In starting a single phase synchronous motor, it is neces-
sary to use auxilliary poorer to bring the motor up to speed
Pig. 5, Fig, 6, Fig. 7.
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and synchronize it in the manner of an ordinary alternator,
the auxilliary power being then disconnected. In starting
polyphase motors, it is necessary to start without load and
with the field open until synchronism is reached, when the
fields are closed and properly excited, and the load thrown
on. In the latter case, the lagging magnetization induced in
the field poles hy successive armature circuits is such that
starting torque is obtained. There is really some danger ©f
breaking down the field insulation by this method of starting
on account of the high voltage induced by the varying flux.
To prevent this, the field circuit is opened at each spool.
The synchronous motor necessarily runs at constant
speed and hence cannot be used directly in railway work.
However, it has been used by some engineers in connection
with types which are fitted for this kind of service.

3. Induction Motors,
13,
The induction motor is an alternating current machine com-
posed of an outer ring provided with inwardly projecting poles,
and a rotor which revolves inside the stator. The stator
is wound for any number of phases desired, the number of
poles being a multiple of the number of phases. The winding
is usually distributed so that there are two or more projec-
tions per pole, the appearance of the whole being such that
it is difficult to tell, from the unwound stator core,
how many poles or phases the stator is designed for.
The stator poles may be considered as divided into a cer-
tain ntimber of pairs to each of a number of phases, and so
wound that any one pole is always varying in magnetic inten-
sity, and lagging by a certain phase behind the preceding
pole, this angle depending upon the number of phases for
which the stator is wound. In this way a rotating field is
produced which has been shown to be constant through a
revolution, providing the currents are kept constant.
The rotor is composed of a laminated core similar to that
of the armature of a direct current machine. It need not be
wound for the same number of phases the stator is; and indeed
it may be either polar wound or be of the squirrel cage type.
If the former, the terminals are carried out to slip rings,
and starting or regulating resistance may be inserted into the
winding by connection across the slip rings. If it is of the
squirrel cage type, the armature conductors are simply short
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circuited by. a metal ring at each end of the core. It is
the rotating field of the stator which induces currents in
the rotor which in turn react and cause rotation in the same
direction the field is rotating.
If the speed of the field and rotor are respectively V, and
, the relative speed between field and rotor is V,-V^ , the
ratio \' =• s, being called the slip. If there are o lines
of force from a single stator north pole, the effective pres-
sure induced in a rotor inductor is 2.22 p<>^ s x 10 where60
p ^=-the number of pairs of revolving poles. The frequency is s
times that of the pressure impressed upon the stator, being
zero when rotor and stator are in synchronism, and equal to
that of the impressed pressure when the rotor is at rest. The
slip usually employed is from 2 to 15 per cent, so that the
frequency of induced e.m,f, in the rotor is usually low.
It is not possible to calculate rotor currents in a squir-
rel cage rotor, the induced pressures being of different val-
ues and directions. The impedance of the rotor is small,
being that of resistance at synchronism.
At light loads, the slip is practically nothing, so that
only enough pressure is generated to produce a current such
that the po?/er is equal to the sum of the various friction,
windage, and rotor core and copper losses. When load is applied
the slip is increased so that additional pressure is generated,
the power then being equal to the various losses plus the
power consumed by the load. Owing to the increased cur-
rents in the rotor, cross magnetization is caused which
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reduces the amount of stator magnetisation available. This
causes a greater slip than would otherwise be necessary to
get the same torque at a given load.
The curve (Figure 8) shows the approximate relation between
torque and slip. This depends
upon the amount of resistance
in the rotor, greater resis-
tance causing the curve to have loo o(,
Fig. 8.
a sharper knee, and to start from stand still with a lower
torque.
Curve (Figure 9) indicates the relation between rotor cur-
rent and ^ slip, using the same amount of resistance as for
I
the curve above. Increase
of resistance lowers the
starting current and reduces the
knee of the curve. This prin-
ciple is made use of in start-
ing motors with polar wound
rotors
.
«
ft.
E
Fig. 9.
The torque of an induction motor varies as the square of
the impressed voltage. The induction motor causes a low power
factor on the line due to magnetic leakage which in turn
increases with the length of air gap between rotor and sta-
tor. Hence it is desirable to have as short a gap as possible
so as least to affect the line. Decreasing the air gap also
increases both the efficiency and capacity of the motor.

Condensers are sometimes used to coiinterbalance the lag
caused "by an induction motor, raising the power factor of
the line almost to iinity.
A three phase induction motor may be reversed in direction
of rotation "by transposing the supply connections to any two
terminals of the motor, A two phase, four wire motor may be
reversed by transposing the connections to either one of the
two phases.
Excessive starting current in squirrel cage motors is avoided
by reducing the impressed voltage by the use of auto trans-
formers.
The motor torque is proportional to the product of stator
flux and rotor current, so that, for a given torque, the pro-
duct is constant. From this principle, it is evident that
the speed of an induction motor may be regulated either by
variation of impressed pressure, or by altering the rotor
resistance. These ways of regulation secure inefficient opera-
tion. Another method is that of commutating the stator win-
dings so as to alter the multipolarity . The chief objection is
that complicated commutating devices are required.
An induction motor having no commutator or slip rings may
be rotated at any speed and at considerable overload without
injury.
At full speed, either a two or three phase motor will
operate fairly well upon single phase circuits, the currents
being respectively twice and one and a half times normal val-
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ues. Motors are also built with rotor and stator wound for
single phase circuits and operate well when "brought up to
speed.
They are usually started as repulsion motors, the rotor
winding being provided with a commutator short circuited
at the brushes, which are automatically thrown out of circuit
when full speed is reached. A patent has been granted recent-
ly for an induction motor having two windings, the sections
of one being interspaced between those of the other. One
winding is provided with a commutator and the other with a
contact plate. When full speed is attained the commutator
and contact plate are automatically connected by a metal
plate operated by centrifugal action. Evidently nothing need
be sacrificed in this motor either to starting or running,
since one winding may be designed for best starting qualities
and the other so proportioned as to mal^e the whole a good
induction machine.
The single phase induction motor can be used in railway
work only in connection with some other type. The polyphase
induction motor has been used on a few lines in Europe, not-
ably the Marienfelde Zossen high speed line, and has been
found unsatisfactory for any railway service on account of
the number of trolleys necessary.
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4. Repulsion Motors.
The repulsion motor has a field very similar to that of
the induction motor, but with a direct current motor arma-
ture with short circuited "brushes revolving in the field.
Field §
Figure 10 indicates diagrara-
matically the windings of an
ordinary repulsion type.
Fig. 10.
In a repulsion motor, a transformer is comhined with the
motor itself, and primary and secondary windings are upon
different cores with an air gap in between. This does not
give as good conditions as in the case of the straight
series motor, where the current is directly applied to the
armature. Nor are the torque curves of the same shape in the
two cases, for speeds near zero.
The windings may be considered, as shown in Figure 11,
with two field poles FF and two transformer poles TT. For
high power factors, the ampere
turns of T should be much larger
than of P. Hence the turns in the
secondary must be greater than in
Pig. 11. the exciting field.
High power factor is thus due to low pressure across the
field. The primary current sets up a magnetic field in the
exciting winding in phase with the line current. If the
current sets up a field in the transformer winding in
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phase with the line current, the e,m, f. generated in the
armature due to rotation would he 90 degrees out of phase
with that set up by the transformer, and a magnetizing cur-
rent would flow. The direction of flow is such that the trans-
former magnetism is shifted 90 degrees behind the exciting
field excitation. As a rough approximation, the exciting
field may be considered as the wattless component and the
transformer field as the energy component of the input.
Armature current may be considered in two components, one
the magnetizing, representing no torque, and the other rep-
resenting torque, being in phase with the field magne-
tization.
Maximum speed is limited only by loar' and has no relation
to synchronous speed and, at all speeds, the pressure gen-
erated in the armature due to rotation in field F is prac-
tically equal to the pressure generated by the transformer,
making zero pressure across the armature. At synchronous
speeds, the pressure generated by the exciting field acting
as a transformer will equal the pressure generated by ro-
tation in the transformer field. Therefore the pressure
across ab ( Figure 10) is nearly zero with frequency the
same as that of the field. If magnetizing current be sup-
plied across points ab, the magnetizing ampere turns can
be supplied at nearly zero presrure; so that the wattless
component of the current is about zero. This, however,
does not help matters much at starting, which is the sever-

est load condition.
On account of the reactance of the machine , the power
factor at starting is low, though the torque is high, there
"being the highest torque at the lowest power factor. It is
necessary to have either a short air gap or a large area of
air gap in order to have a lower power input at starting. A
good value of power factor is obtained at ahout one third
synchronous speed, and a value of 90f over a wide range.
Therefore a large number of poles is not necessary, and fre-
quencies of about 25 to 40 may be used.
The secondary generates a leading e.m.f. which, in or-
dinary types, compensates for a large percent of the lag
due to magnetizing currents. In the compensated type, the
addition of a fixed seconc3ary coil produces unity power
factor. Owing to the high power factor, a greater air space
may be used than is the case with the induction motor, the
ratio being about .04 to .125, and this is a valuable fea-
ture in railway work.
Maximum torque is obtained at starting, the torque vary-
ing directly as the current and inversely as the speed. The
efficiency is almost constant throughout a wide range of
speed. Including the gear loss, the efficiency of a motor
between 50 and 200 H.P. has been foiind to be as high as 80
to 85 per cent.
As the speed decreases, the current increases and there
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is a tendency toward sparking. In starting, the voltage is
so low that the rush of current does not produce sparking.
Upon tests, sparking has been obtained at about ©ne and one
half times synchronism.
A 60 H.P., 500 volt, 25 cycle motor has been found to
start with 75^ voltage and 200^ full load current without
sparking, and with a temperature rise of 75 degrees Cen-
tigrade after one hour's full load operation. This is equal
to the direct current series motor. Moreover, flashing over
is not possible since the commutator is short circuited.
The starting torque was 2300 pound feet, and the current
325 amperes, and during acceleration this dropped to 450
pound feet and 125 amperes at a speed of 750 R.P.M. Dead
resistance losses v/ere not introduced in this case, so that
better efficiency is obtained than from a direct current
series motor.
«
In 8 test comparing a car equipped v/ith two 60 H.P,
motors and one equipped with the usual direct current series
motors, the two cars having the same average acceleration
and a running speed of 53 miles per hour, and the same dis-
tance covered perninute, the direct current motor required
a maximum power of 70 Kw., while the repulsion motor re-
quired 67 K.V.A, or 61 Kw., with respective kilov;att hour in-
puts of 72 and 68.5. The volt ampere input was lowest at
starting, modifying the effect of the low power factor by
the low line current.
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In the test of an 185 H.P, motor wound for 1500 volts at
25 cycles, the maximum efficiency including gear loss was 85,
and the power factor 9^fc* The speed was about 500 R.P.M,, and
this indicates that this type of motor would be good for low
speed, heavy freight service. Another advantage of the repul-
sion motor for railway service lies in the fact that, when
a car is coasting, the motor acts as a generator, and feeds
power back into the line.
This type of motor was for some time considered able t©
solve the traction problem by both Steinmetz and Schiiler. The
former engineer, hov/ever, has, after spending several months
work on this type of motor, turned his attention to the ser-
ies motor, and his company- the General Electric- is putting
on the market, not the repulsion motor, but the series. This
indicates that this type is inferior to the straight series
type.
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5, Series Repulsion Motors.
The Winter Eichberg motor is a combination of the series
and repulsion types. It is known as the repulsion series or
transformer series motor, and, though not used in America,
has "been quite satisfactory in operation in Europe,
Stator
Figure 12 shows the general connections. The stator,
corresponding to the compensating coil of the series motor,
causes a flux ^, and the exciting
currents introduced at the brush-
es at right angles to the axes of
the stator windings causes a field
P at right angles to flux ^, It is
Fig. 12. evident that the field F which
is generated by the exciting current takes the place of that
induced by the field poles in the series motor. At synchro-
nism, these two fluxes are equal, and are approximately
equal above or below synchronism; and a rotary field is thus
established with but one phase of the stator winding.
Owing to the presence of the cross field ^, the short
circuited e.m.f. decreases from armatui-e standstill to syn-
chronism, becoming almost zero and then increasing above
synchronism.
The armature is short circuited on a line with the stator
coils and the working voltage occurs only across the stator,
so that the stator voltage may be as great as is desirable.
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Even when the exciting "brushes are in series with the stator,
the ratio "between working voltage E, across the stator, end
the voltage
,
e, across the exciting "brushes at rest is equal
to the ratio of entire volt amperes input to the volt amperes
input of magnetization at rest. ( See Figurel?). Thus, while
the armature voltage should be, as in the series motor, "be-
tween 100 and 200, this does not
limit the stator voltage, as it
does in the series motor. If the
magnetizing current "be one third
the armature current, the working
voltage may he three times the
working voltage (across the armature) of the series motor. The
proportion of work ing tc exciting current may "be varied "by
connecting the exciting "brushes
across a small auto transformer
in series with the stator, as
Fig. 14, shown in Figure 14.
Fig. 13,
The resultant field of the motor produces an e.m.f, in
the armature which is 90 degrees ahead of the working e.m.f.
and opposite in phase to the e.m.f. of armature self induction.
It has "been found that a high power factor may "be obtained
with twice the ampere turns used in the series motor for
the same sized stator, so that a much more powerful motor
may be constructed with the same outer dimensions.
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The Winter Eichberg motor may be made to give the charac-
teristics of a direct current series motor "by using an auto
transformer to control the impressed pressure; or it may he
made to give the same characteristics as a direct shunt mo-
tor hy the use of a current transformer. Moreover, it is easy
to change from one connection to the other, so as to cause
the motor to return energy to the line when coasting.
It is possible to control the excitation independently ©f
the ?;orking voltage, and thus keep dovvn the losses under
the short circuited brushes. Figure IE shows a method of
voltage. In this case, it is not
necessary to open any but the
without affecting the working
control of the exciting current
Fig .15. low tension circuit for start-
motor equipments for short low
nection adaptable to small two
speed. Figure 16 shows a con-
ing, reversing, or changing
Fig 16. tension lines; it is being
used for control on the Stubai
Figure 17 shows the connections
applied to a Belgian road.
tal line, where sections of
Fig. 17.
2350 and 400 volts (alternating
current) are encountered.
I
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Owing to the greater nuiri"ber of stator turns, the voltage
for direct current sections may "be half that for alternating
current sections. The arrangement of connections for service
on hoth direc t and alternating current sections is shown in
Figure 18; coil h represents the
winding (used only for direct cur-
rents) provided to counteract the
armature reactions. Where two motors
are used, the fields are connected in
Fig, 18,
multiple and the armature in series.
The disadvantage of this type of motor is that more
"brushes are necessary than with other types. However, short
circuit losses do not occur under the exciter brushes; and,
anyway, the latter carry only one third the entire short cir-
cuit current.
In tests of four pole motors used on the Spindersfeld
line, the ampere input averaged 20 to 30 at acceleration and
15 to 20 at full speed, with corresponding power factors of
.82 to ,86 and almost unity. The energy consumption at 21
M.P.H. was 41 watt hours per ton km., as compared with 43.6
in the case of a direct current series type of motor. Normal
acceleration was .97 feet per second, though this has been
more than doubled in tests.
It has been found that monthly inspection of the commuta-
tors is necessary, and sand papering every six weeks is re-
quired.
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III. APPLICATIONS OF THE VARIOUS TYPES
OF DRIVING MOTORS.
6. Compensated Series Motors.
The only systems of alternating current ti-action which
have thus far "been given practical and successful trial in
this country are those using the series compensated motor.
Two lines are nov? in operation: one, using the Westinghouse
apparatus operates "between Indianapolis, Ind., and Rushville,
Ind., and is to "be eventually continued to Cincinnati; the
other, using the General Electric equipment., is being con-
structed between Bloomington, Ills,, and Joliet, Ills,, and
operating for only a few miles as yet.
In the former- the Indianapolis anc' Cincinnati Traction
Company *s system- single phase current at r)300 volts is sup-
plied to the car at 25 cycles , The company owns ten 55 foot
cars, each equipped with four 75 H.F, motors geared for 45
M.P.E., maximum speed.
The conditions of the line are such that the road is divi-
ded into sections, one in Indianapolis being supplied v/ith
direct current at 500 volts, one in Rushville with alterna-
ting current at 500 volts, and the intervening line with
alternating current at ^500 volts. This necessarily compli-
cates the control apparatus, so that the induction regulator,
as ordinarily designed for the IVestinghouse standard system,
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has not "been used. Instead, special apparatus, a modification
of the Westinghouse unit switch control, has iDeen designed
for "both alternating and direct current running.
Each car is provided v:ith a main aut© transformer wound
for primary potentials of 550, 1650 and ?700 volts, and a
secondary potential of 250 volts. The air unit switch control
system is operated "by either of two master controllers ( one
at each end of the car) using direct current from two storage
"batteries, each consisting of seven cells, placed on the car.
It operates, through magnet valve control of compressed air
cylinders, a reversing switch, a motor cut out switch, and a
change over sv/itch (i.e. one arranging the car equipment for
alternating or direct current service). Rheostats for either
alternating or direct service are provided, and air compres-
sors driven by "both alternating and direct current motors, a
"bow trolley for high pressure sections and a wheel for low
pressure, and auto transformer for lighting and air compress-
or motor circuits, and the usual air and hand brake and heat-
ing and lighting apparatus, complete the car equipment.
A diagram of the circuits of the controlling equipment is
shown in Figure 19. The controlling is done through relays
operated by storage battery currents, and transmitted to
eleven conductors running the length of the car and so ar-
ranged as to be connected to the corresponding conductors or
the train line on other cars, thus affording multiple unit
control
,



so.
For operation on the direct current section, the motors
are connected in series and operated hy rheostatic control.
For operation on alternating current sections, the motors
always connected in parallel, and provided with voltage from
one of two taps from the main auto transformer, according to
the speed desired. Intermediate speeds are obtained "by rheo-
ctatic control.
The lighting circuit is provided with 500 volt current,
either directly from the line, or through an auto transformer
according to whether the car is on a high or low pressure sec
tion. The lighting transformer is provided with taps for
3000, 500 or 100 volts, the latter "being for the alternating
current motor operating the air pump. A separate pumping
equipment is driven by a small 500 volt direct current motor
for use on the direct current section.
The unit switches are contactors operated by compressed
air cylinders controlled by magnet valves, as mentioned above
and are arranged into two groups; one contains four units,
and the other eight, and all are mounted under the floor of
the car.
The wheel trolley is similar to that used on ordinary
direct current systems. The bow trolley is composed of a
sliding contact of aluminum about three feet long and three
or four inches wide, and so held by a metal bow that either
edge may serve as a contact, according to the forward or
backward direction of the car. The bow trolley is shovm in
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Figure 20 • It is raised or lowered "by air, the operating
valves "being within easy reach of the motornan at his stand.
In this way, absolute safety from coming into contact with
high tension apparatus is obtained.
Fig. 20,
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A more efficient control, though one practicable only on
lines containing no direct current sectionr, is that designed
"by Mr. Laime of the Westinghouse Company for the Washington,
Baltimore and Annapolis Line, and now offered as standard by
the Westinghouse Company.
There are three circuits on the car, viz;- First- the
motor circuit, containing the circuit breaker , main auto
transformer, regulator, reversing switch and motors. This
is sho\Mi in the diagram ( Figure 21). Second- the auxilliary
control circuit, operated by compressed air and controlled
as explained for the Indianapolis and Cincinnati Line. Third-
the lighting and heating circuit, containing a small auto
transformer, heating coils, lighting apparatus and air pump
motor.
The circuit breaker serves the purpose of a main switch,
as well as protection to the apparatus. It is held closed by
means of an air valve working against a powerful spring
and is opened by release of the air.
The auto transformer is connected between the circuit
breaker anc the rail
. Two taps are taken off- one at about
650 volts from the ground and taken to the primary side, and
one at about 230 volts anc taken to the secondary side of an
induction regulator. From the regulator, the current is
taken through the reversing switch to the fields and armatures
of the motors. This is shown in Figure 21.
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Trolley
Fig. 21.
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The induction regulator is the means by which the car
speed is regulated. The primary is wound on a rotor and the
secondary on the stator. Another secondary winding is placed
on the rotor and short circuited upon itself to neutralize
the self induction of the secondary winding as it passes out
of the magnetic field of the primary. It is vj-ound for two
poles, so that the full range of voltage is obtained through
half a revolution. At the "full on" position, all the voltage
of the regulator is added to the 230 volts of the auto trans-
former
,
giving the full speed voltage. The regulator may he
left indefinitely on any notch, so that any speed "bet^veen
zero and full speed may be continuously maintained. The reg-
ulator is operated by a small air motor controlled by magnet
valves.
The reversing switch is operated by two air cylinders,
one to throw it in each of two directions.
Each motor is supplied with a cut out switch so that any
motor may be individually throvvTi out of circuit. The motors
are all designed for 250 volts regardless of trolley pressure
and are permanently connected in parallel.
Each of the air cylinders is controlled by a magnet valve
operated by the master controller at the motorman^s stand.
This controller contains six notches, three forward and three
backward. V/hen turned to the first notch, the proper magnet
valve acts, causing the reversing switch to close. At the
second notch, a second magnet valve acts, the result being
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that the corresponding air cylinder closes the circuit break-
er. This applies voltage to the motors and the car starts. At
the third notch, still a third magnet valve opens, and the
air motor starts, which "begins to rotate the induction reg-
ulator very slov/ly. At full speed of the car, the air motor,
and hence the regulator, ^s automatically stopped.
To operate the car at less than full speed, the handle
of the controller is brought back to the second notch before
the air motor has brought the regulator to full speed running
condition, and the air motor stops where it is. Moving the
controller hsndle to the third notch again, brings the car up
to full speed. Moving it back to the first notch lov/ers the
speed, or to the zero position opens the circuit breaker,
and the induction regulator moves back to the minimum position.
The circuit breaker cannot then be closed \intil the regulator
is in the minimum position and the reverse switch closed; or
the reverse switch cannot be opened until the circuit break-
er is open.
The car is provided with a train line as described for the
Indianapolis and Cincinnati Line, so that one controller acts
as a master controller for the whole train.
The trolley bow is also operated by air cylinders. \Yhen
not in use it lies flat upon the car. When air is supplied,
the lighter portion, or the bow proper, is raised to the
proper angle, and then the whole structure, including the
heavy rod supports is lifted to the running position. A

heavy spring then holds the supports in position, and lighter
springs keep the bow proper against the trolley wire, allow-
ing proper sensitiveness to variation in the height of the
trolley wire. When the car is reversed, the slant of the how
is reversed.
The line in process of construction between Bloomington
and Joliet is also designed for 3300 volts trolley pressure
at 25 cycles.
Each car is equipped with four 75 H.P. compensated series
motors and intended to be run over alternating current sec-
tions only, and the speed regulation is therefore obtained
by variation of the e.m.f, taken off the secondary of a
transformer and applied to the motors. The motors are of
General Electric manufacture, and similar in principle to
the Westinghouse motors mentioned above except that the field
has no projecting poles, resembling the stator of a two
phase induction motor having many times the number of turns
in one phase winding as in the other, and the compensating
coils are in series with the armature instead of being short
circuited. This arrangement makes it possible to generate in
the compensating coils a magnetomotive force at least as
strong as that due to armature reactions and thus entirely
neutralize the reactions and eliminate sparking; while with
the Larame- 'lYestinghouse motor, the compensation is not so
marked, and there is therefore a tendency to spark at cer-

tain times.
The motors are connected up into two units, each i;7ith
two armatures and balancing coils permanently in series,
"but with the fields arranged for either series or multiple
connection. Each motor is furnished with 200 volts from
the secondary of an air cooled transformer contained in a
corrugated iron case under the floor of the car. The fre-
quency of 25 has been selected to avoid the excessive cost
of low frequency transformers, though the performance of the
motors is much better on lo?/er frequencies.
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7. Induction Motors.
The single phase induction motor is essentially a constant
speed machine, unless wasteful rheostatic control "be used, and
is not self starting unless expensive starting devices "be
provided. Moreover, its characteristics are not suited for
traction work. But, notwithstanding all these defects, a bril-
liant scheme, the first application of alternating currents
to single phase traction work, has been devised by Hr Bion J,
Arnold, and experimentally tried upon the Lansing, St, Johns
and St.Louis Railwa:^ in Michigan.
The main principles of the scheme, as stated by Mr Arnold
himself, are:-
1. A single phase or polyphase motor mounted upon the car
and designed for the average power required, running con-
tinuously at constant speed and constant load, thus giving
maximum efficiency.
2. Instead of stopping by useless resistance, the speed is
decreased by retarding by means of compressed air which is
stored up for use in mounting grades, switching or setting
the brakes.
3. Mult i -speed control by this method, any speed between
zero and somewhat above synchronism being obtained by regu-
lating the amount and direction of the air through the
valves.
4. Separate unit cars, each being able to be switched or run
through a town or on a public right-of-v/ay for a reasonable
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distance without the use of high tension trolley v/ires, Trol-
ley 7;ires may thus be eliminated at switches,
5. With a single phase motor, but one overhead trolley or
third rail need by used. Thus on steam track, only one rail
need be used for the return, the other being used for the
currents necessary in manipulating block signals,
6. Currents taken off at any voltage which the insulation
will stand ( 15000 being proposed by Arnold), the pressure
being reduced by a static transformer on the car to 200
volts. With a lower voltage, the motor could be fed direct-
ly from the line. Where the high voltage and static trans-
former is used, and it is desired to use a v/orking conductor
through cities and towns, the conductor is supplied through
a static transformer at each city limit, thus securing
safety,
7. Perfectly constant load is taken from power station, thns
lessening the investment in the plant, as it is not called
upon at certain times to furnish such a heavy load. Fur-
thermore (by virtue of special apparatus designed by i^jrnold)
greater starting torque may be obtained from the air than
from the electric motor.
The rotor and stator are each provided with an air cylinder
as shown in Figure 22, provided with electrically controlled
valves for converting the cylinder into either an air pump or
an air engine. The speed of the car, as run by air, is con-
trolled by means of air valves in the motorman's stand.
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It is not riecessary to break the main circuit, and the
motors may "be of the simple induction type, without a com-
mutator, and may be designed for any working voltage, and be
of any type having constant speed under constant load, thus
doing away with step down transformers, resistances or other
regulating devices of a like kind.
The use of air motors renders it possible to use an elec-
tric motor large enough only for the average power required,
the maximum load being partly carried by the air motor sup-
plied with air v/hich has been stored up while the car was at
rest.
The speed curves are shown in Figure 23. There is a constant
relative speed between the rotor and the stator as shown by
Fig. 2?.
t
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rest, the rotor is at rest, and the stator revolving in a
"backv/ard direction at full synchronous speed. The rotor is
shown at 0, L being the line of zero speed, and the stator
at A, while the active torque of the stator is indicated "by
line A. The car is held at rest "by moving the controller
so that the outlet pipe from the rotor cylinder is throttled,
the increased pressure "behind the piston overcoming the ef-
fort of the rotor to revolve and acting as a brake, and the
stator is pumping air into the reservoir.
In starting or accelerating, the air cushion behind the
rotor piston is removed and the air from the stator cylinder
and from the storage tank is admitted to the rotor cylinder.
The rotor, and with it the car, thus increases in speed, and
the stator slows dovm an equal amoimt. Thus, hot air from
the stator cylinder being admitted directly into the rotor
cylinder where it is at once used, the efficiency of the
system is greatly increased. The ordinate intercepted be-
tween lines OCR and ADS represents, relatively, the
energy delivered by the motor, that part above the line L
of zero speed, or the X axis representing the energy supplied
by the motor, and that part below the X axis representing
the energy supplied by air from the stator cylinder.
At full speed the stator cylinder is throttled, the inlet
valve of the rotor cylinder is open, and the stator and air
apparatus is at rest.
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For speed variations for short distances such as hills,
the controller is moved to such a position that the stator
cylinder is converted into an air engine and the stator is
driven in the same direction the rotor is revolving, causing
an increased speed of rotor and car. If the necessary power
is less than the motor capacity, the stator cylinder may he
supplied with air directly from the rotor cylinder. \?hen
the train resistance is greater than the motor capacity, the
rotor cylinder is supplied with air from the tanks for speeds
above synchronism. The part of the ordinate "between the line
A S on the diagram represents the amount of energy received
from the air tanks.
To retard the speed, the controller i? so set that the
rotor cylinder pumps air into the storage tanks, and any de-
sired rate may he obtained by throttlinr* the delivery pipes of
the rotor cylinder. These pipes are set with an automatic re-
lease valve which releases just before the slipping of the
wheels takes place, so that the wheels cannot be flattened
when the car is stopped. Regular brakes are provided for
emergencies
,
In reversing for short distances, the valves of the rotor
cylinder are reversed and the car is run by air. In rever-
sing for greater distances, the motor is stopped by shut-
ting off the current; the valves of the stator cylinder are
then reversed and the stator is brought up to speed in the
opposite direction, and the current thrown on.
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Mr Arnold believes that the adoption of his system will
cause:- First- the rotary substation to be dispensed with;
Second- the saving of a large proportion of the energy dis-
sapated at the brake shoes; and Third- the possibility of
equipping many roads which it would not pay to equip except
for the greatly decreased first cost due to this system.
On August 3, 1904, a trial trip was made with an Arnold
car, the maximum speed attained being 25 M.P.H. over a line
supplying current at 6000 volts. The results are claimed to
have been perfectly satisfactory.
An Austrian by the name of Sahulka har devised a scheme
similar to that of Arnold's, but claimed by the inventor to
be much simpler.
It is proposed to use a single phase induction motor, hav-
ing low starting torque. One air motor and one electric motor
are attached to each driving axle. The electric motor is the
main one and is of sufficient capacity to run the car alone
at full speed, while the air motor has sufficient capacity
to start the car and run it at slow speeds alone. The former
does not come into use until a certain speed has been at-
tained, so that most ©f the starting resistances may thus be
eliminated and the controller greatly simplified.
The scheme does not seem to have been practically tested
thus far.
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polyphase induction motors have "been installed on several
lines in Europe, but American engineers have refused to con-
sider any system which requires more than one trolley wire.
The first test of alternating currents for traction pur-
poses was made in 1892 by Siemens and Halske at Charlotten-
berg on a line about a quarter of a mile long. Three phase
induction motors were used, so arranged that the primaries
were connected in Delta at starting and in Y at full speed,
thus obtaining a torque at starting six times as great as
the running torque. Current vms supplied to the car at 500
to 600 with a voltage of 50. The speed attained was 25 M.P.H,
The first practical commercial application of alternating
current to traction was made in 1895 by Brown, Boveri and Co,
at Lugano, Switzerland, The line pressure was 5000 volts at
40 cycles, a transformer on the car stepping it down to 400
volts.
The Burgdorf Thun Railway, another Swiss line, was also
laid out by Brown, Boveri and Company of Baden. The line is
25 miles long with 14 transformer substations. The cars
weigh 32 tons and are each provided with four 64 H. P., three
phase induction motors designed for a speed of 24 M.P.H,, and
connected with their stators in multiple. The control is
rheostatic, the cars quickly attaining full speed. The cur-
rent supplied is collected by brass rollers held on four
frames, two at each end of the car.
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A complete series of tests has been made upon the two
lines just mentioned, and some of the conclusions were:-
First- a properly designed, three phase induction motor will
start under full load, with a starting current no greater
than full running current, providing the line drop does not
exceed Itf, Second- Quicker acceleration ir obtained than
with a direct current motor. Third- A positive generator ef-
fect is possible on dovm grades, so that energy is actually
returned to the line. Fourth- It is advantageous to have no
commutator and to have lov,' voltage rotors. In the line at
Lugano, practically no repairs to the electrical equipment
and absolutely none to the motors was required for the first
seven years of operation, Fiftli-= That the car attains full
speed automatically and without injury when the controller
is suddenly thrown over to full running position, and the
arrangement is such that rheostatic control is not inefficient.
The Marienfelde Zossen line, a German military railway
about 15 miles long, was equipped in 1902 by Siemens and
Kalske for tests of three phase service at 10 000 volts and
45 to 50 cycles. The chief object of the tests was to ascer-
tain the kind of roadway required for high speed service,
and to determine whether large currents could be success-
fully collected at high speeds.
The car weighed 90 tons and was equipped with four 250 H.P.
motors, each capable of yielding 750 H.P. maximum output for
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short periods. At each end of the car, three trolley bows,
one above another were finally decided upon and arranged
for trolley wires at the side of the track.
Various shapes of car front were tried, and it was found
that a paraboloid shape furnished the least wind resistance,
but, to avoid inconvenience to the motorman, the center part
of the paraboloid was developed into a cylindrical surface,
Mr Siemens has stated that the tests proved the possi-
bility of collecting large currents at high speeds, and
of using voltages of 10 000. It has also been found that ex-
isting steam roads have sufficiently good roadbeds for such
high speeds as were attained in the tests, providing that no
curve was of less radius than about 725 feet.
Power factors of ,285 to ,86 were obtained with speeds
varying from 40 to 60 M,P,H, The voltage varied from 7 250
to 10 770, the current from 9.5 to 20.5, and the kilowatts
from 71 to 322. The highest speed attained was about 150 M.P.II.
Another notable three phase line is the Valtellina Line,
installed in Northern Italy by Ganz and Company of Budapest.
The line is 40 miles long and designed for 3000 volts at
15 cycles.
The cars weigh 50 tons, and are equipped with four 150 H.p.
motors, each mounted upon a hollow shaft on the driving axle,
which it drives by flexible coupling. The motors are connec-
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ted in cascade, two being supplied with 3000 volts from the
line, and the second two with 300 volts generated in the ro-
tors of the first two. This permits half the normal speed
to be attained, and good economy at starting. The current is
collected from the line by copper rollers about 15 inches long.
Still another system utilizing three phase induction mo-
tors is that devised by Mr Hallberg, and intended only for
the heaviest kind of freight service.
In this system, single phase synchronous or induction
motors are direct connected to a three phase generator, fur-
nishing power to three phase induction gearless motors. ( See
Figure ?4). It is intended that two voltages be used, 15 000
on country sections, and 500 on portions of the line passing
through towns. The country sections are supplied with single
phase currents, and the city sections with polyphase, the
driving motors being supplied directly from the line on the
city sections, and a frequency of 25 is employed.
HiQh Tension Line
Trolley
Single Phase
High Voltage
Synchronics
Motor
Power
Hot/se
HP 6ei»-l€»s. I
Motors Fig. 24.
The synchronous motor is a bipolar machine, while the
generator is supplied with four poles, two of which may be
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reversed in polarity so as to make two adjacent similar poles
delivering 25 cycle current at starting and 50 cycle current
during running condition.
The motor is designed for 1500 R.P.M. Two speeds are fur-
nished the driving motors hy adjusting the frequency, and
intermediate speeds may be ohtained by varying the generator
field. The control on city sections is accomplished by means
of a reactance controller varying the relative position of
iron cores with respect to coils in series with the motors.
No lagging effect is introduced into the primary system
by operation of a locomotive. The voltage of the generator
is increased upon mounting a grade, and the driving motors
may be operated at double their rated capacity for some
time without injury.
If the poles of the generator are reversed when the loco-
motive is coasting, power will be returned to the line, thus
saving waste at the bralce shoes, and also avoiding the dis-
agreeable jar due to application of the brakes.. Since each
locomotive carries its ovm sub-station, the failure of one
substation can not affect the operation of the rest of the
system. There being no commutators, switching devices or
gears, and no delicate parts, the locomotive may be of very
rugged construction, and repairs be few and inexpensive.
Large air gaps may be used in the induction motors without
affecting the regulation of the primary line.
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Owing to simplicity of line construction, the high voltage
and the standard equipment used, the cost relative to other
systems would "by low. Moreover the efficiency would he about
65f.
The weight of a 3000 H.P, locomotive of this type would
not he over 175 tons, and 4000 H,P, could he furnished with
the 3000 H.P, equipment without injury.
A storage battery is used on the car to make the motor
generating set able to start. However, the use of a storage
battery is not absolutely necessary.
At the present time, a test is being made by Professor
P. Townsend of Columbia University on a 10 H.P. combination,
and plans are being made for a 1500 Kw. locomotive.
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8. Series Repulsion Motors.
A line about three miles long has been built at Spinders-
feld near Berlin, using the Winter-Eichberg repulsion series
motor, and opened in June 1903. It is now being operated by
the German Government, trains being run consisting of two 52
ton motor oars and three trailers of 12 tons each, making a
total of 160 tons.
Each motor car is supplied with 6000 volt current at 25
cycles, and equipped with two 100 H.P, motors geared for a
maximum speed of about 37 M.t^.H. The field windings of each
motor are designed for the full line voltage, and are connec-
ted in the same way as the stator of an induction motor. The
car is provided wit>i a transformer which steps down the vol-
tage to 190, taps being taken off the secondary at from 19 to
190 volts, at which pressures, the exciting circuits of the
motors are supplied. Current is also taken off the secondary
of the transformer to run the air compressor motor. A multi-
ple unit control is used very similar in outward appearance to
the Sprague -General Electric unit control apparatus.
The Winter- Eichberg system is also used on the Kreit Stu-
baithal Railway in Austrian Tyrol, having been put into op-
eration in July, 1904,
The cars weigh 19,6 tons each and are supplied with cur-

rent at 3000 volts and 42 cycles, and equipped with two 40
H.P, motors. The ability to operate at such a high frequency
is claimed "by the inventor to be quite an advantage. Moreover
the control is such that the car may be operated upon direct
current sections.
In passing through the tovm of Innsbruch, the trolley
voltage is reduced to about 500 volts, this being the voltage
for which the field windings are designed; at other portions
of the line the voltage is reduced to this value by means of
a transformer on the car.
The fields of the motors are connected in multiple and
the rotors are in series. Both stators and rotors are sup-
plied with current from the secondary of the transformer,
taps being taken off at either 400 or 500 volts. The 400
volts is used for starting and running at low or moderate
speeds, and the 500 volts tap for high speed. On the 500
volt section, the secondary is connected up as an auto trans-
former between the trolley and the rails, the 400 volts being
obtained as well in this case as upon the 3000 volt sections.
The exciting circuit is controlled by variation of the im-
pressed e.m.f. by means of a reactance having four taps con-
nected to the controller. The gearing of the motors is such
that maximum speed is about 30^ above synchronism- 42 cycles-
in order that the average speed will be at about synchronism.
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9. Direct Current Series Motors,
Tests are now being made by the Oerlikon Company in Swit-
zerland with a Ward Leonard electric locomotive, with a view
of installing it on all the steam roads of Switzerland,
Single Phase
Synchronous
Con-trolltr
Direct Corrent l^otors
Fig. 25,
Figure 25 shows the principle of this system. The locomo-
tive is equipped with direct current driving motors supplied
with current from a motor generator set operated by a single
phase, synchronous motor, which is fed by alternating current
at 15 000 volts and 15 cycles. The direct current generator
is run at constant speed, the pressure generated, and hence
the speed of the driving motors, is controlled by regulation
of the generator field rheostat.
In the tests being made at present on the Ward Leonard
locomotive, one being in regular service for the purpose of
testing, the control has been found ideal. Mechanical brakes
may be dispensed with, and there is an entire absence of
sparking.
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IV. COMPARISON OF THE VARIOUS SYSTEMS.
In all systems there are disadvantages, and this is es-
pecially true at present in the field of traction work. How-
ever ideal the performance of one part, some other is sure to
"be unsatisfactory. There are always necessary evils to "be
patiently "borne until some one comes along with a better
plan or a new scheme, and this new plan or scheme is certain
to "bring along its ov/n faults and disadvantages.
The various attempted solutions of the problem of alter-
nating current traction mentioned above represent the main
developments thus far. The field is changing perhaps the
most rapidly of any now open to the engineer, and no one
knOT/s what another year or perhaps a day shall bring forth.
Of the successful schemes, some are suited to one set of con-
ditions, and some to another. It is Indeed impossible to pick
out one system and say that for all purposes it is the only
one or even the best one.
The use of polyphase currents on the line has been tried
only in Europe, and, for certain cases, has seemed to be
successful. As mentioned above, the Swiss three phase lines
have been quite economical in repairs. But any trolley at all
is a necessary evil and more than one is an abomination in
the eyes of most electrical engineers. Useful as have been
the high speed tests on the Marienfelde line, the opinions
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of prominent engineers as to the results, are well summed up
l3y Mordey, who says, '* The results of the tests oonclusively
prove that with this system steam roads cannot be electrical-
ly equipped either for high speeds or low speeds". The very
complexity of any method using three trolley wires makes
it an impossihle one in the conversion of a steam road into
an electric.
But of the systems employing only one trolley, which one
shall we consider the best? It is easier to consider those
which have thus far been least satisfactory.
Mr Arnold has been about the first to outline a method of
single phase traction, and has furnished to the question a
solution which is brilliant and carefully studied out. The
fact remains, however, that, after a trial of his car in
August 1904, Mr Arnold has dropped his scheme altogether on
account of its complexity; and, at present, his company is
installing another system on a road they are engineering.
The use of the repulsion motor, which was advocated very
strongly for several months by Mr Steinmetz, has also been
set aside by his company- the General Electric- in favor of
the compensated series motor.
The series repulsion motor, like a patent medicine, is
strongly endorsed by its inventor to be the best thing on
the market and, in fact, has been favorably considered by
American engineers who have seen it in operation. The extra

brushes required for the exciting circuit are a disadvantage,
but these brushes carry but one third the armature current,
and the short circuit losses do not occur under them. The ad-
vantages of this motor are the crosr field and the resulting
rotary field with but one phase in the stator, the decrease
of short circuit losses with increase of speed, the propor-
tionate increase of the power factor with the speed, the
high pressure permissible in the stator, the fact that the
short circuiting of any of the field coils acts with trans-
forjuer effect to increase the voltage of others, and that,
even with all the field coils short circuited, the motor
will still operate.
The only lines operating in this country up to the present
time are those using the compensated series motor such as
has been developed by Mr Lamme of the Westinghouse Company,
and adopted with a few changes "by the General Electric Com-
pany, These lines are quite satisfactory, considering that
neither has been operating quite six months. The system
seems to be well fitted for light interurban lines operating
short trains, and there is quite a demand, already, for such
installations. They are claimed by the Westinghouse engineers
to be adapted even for heavy freight service, but have never
been practically tested in such capacity.
The Ward Leonard locomotive havS proven successful upon
roads where heavy freight handling is demanded, and, as
mentioned above, operates without sparking, and the control

56.
is almost ideal. The results of tests being made now on lines
in Switzerland will "be watched with interest hy operators of
steam roads in this country, as some scheme is required for
electrifying their lines.
The Hallberg locomotive is claimed "by its inventor to he
peculiarly adapted for the heaviest kind of freight service
of the future. The sizes proposed are larger than any steam
or electric locomotives no\7 huilt. The advantages lie in
the simplicity and rugged construction and the resulting
low first costs and operating costs. Unfortunately this has
not "been given practical trials to show up the many good
points claimed for the system.
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V. LINE CONSTRUCTION.
10. General Conditions.
Within the last few years there have been put upon the
market alternating current motors capable of taking currents
off the trolley wire at high pressures. Already it has been
shown that these high pressure currents may be successfully
collected at high speeds, provided that proper collecting
apparatus is used.
To get the full benefit of the high pressure systems, it
is desirable to carry as high a pressure on the trolley wire
as is practicable, and it is evidently necessary to design
new line construction to suit the new conditions encountered.
It is required to obtain permanent insulation at reasonable
cost, safety to the public and reliability in service.
The builders of the first interurban roads constructed
lines which were simply extensions of the then existing
street car lines. The roadbed was built in some cases almost
without ballast, the rails were light, and everything about
the system was unfitted for even the moderate sized street
car of today. The results of a few years service have com-
pelled the engineer designing any road which shall be success-
ful in carrying moderate traffic to build a roadbed which
shall last. The roads being constructed now are in many
cases equal to those of the best steam lines. Sharp curves
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are avoided wherever practical, and the track is well up to
the standard of steam road practice, the only difference be~
ing that the, rails are longer and are "bonded to give good
electrical contact.
Bonding is not such a great item in interurhan work, on
account of there being no electrolytic effects in the long
cross country stretches between towns. And, though the resis-
tance at any track joint is greater where alternating currents
are used, the track is often grounded at certain points so
as to make the earth the return conductor, thus saving first
cost of Installation, and some maintenance cost also.
In the question of the proper kind of trolley conductor to
be used, the third rail cannot be considered for high voltage
on account of danger to persons on the track, and lack of
sufficient insulation. Moreover, the possibility is present,
where the third rail is used, of a car being derailed so as
to short circuit the line and put an entire section out of
commission for a few hours. It therefore seems wise to use
only an overhead conductor such as a trolley wire.
There are several forms of trolley wire and methods of
suspension, some being specially adapted to one kind of road
and some to another. The heavier the traffic to be handled,
the more rugged must be the devices supporting the trolley
wire, and we finally see the heavy bridge construction used
for supporting both the wire and such signal devices as may
be necessary.
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11, Specific Applications,
A diagram of the "bridge trolley support, for heavy service
traction is shown is Figure 26. A heavy pipe is supported
Fig. 26,
horizontally under the "bridge and perpendicular to the line
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of track. Near each end of the rod is an insulator to the
center grooves of which are suspended steel messenger wires.
The trolley is supported every few feet by clips fastened
to the two messenger wires in a V shaped construction. This
is known as the "Double Catenary" method of trolley suspen-
sion. The towers are built about 300 feet apart and braced
by being guyed to each other. All metal construction except
the trolley wire and the bridges is galvanized', and sometimes
painted also.
Another construction well adapted for heavy service is
that of the Huber system now employed in Switzerland by the
Oerlikon Company on the same line on v;hich the Ward Leonard
locomotive is being tested. This consists of a trolley at
the side of the track supported at the tops of slanting poles
braced as shown in Figure 27. A rod at the top of the car
xar Roof slldes along the upper surface of
the trolley and collects the cur-
rent. Upon entering a tunnel, the
trolley is so erected that it grad-
ually rises and assumes such a posi-
Fig. 27. tion above the center of the track
that the contact rod rises with it and collects current from
the under side of the trolley. Tlius far, this system has giv-
en perfect satisfaction,'
In the case of polyphase lines, the trolleys (two or
three) are suspended about two feet apart, either on the
same horizontal plane above the track, or one above the other
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in the same vertical plane at the side of the track as shown
in Figure 2B. This figure represents the line construction
4
Fig, 28
of the Marienfelde Zossen line.
Three trolleys are used, though in
most three phase lines "but two
trolleys are used, the rails or
earth forming the third leg of
the circuit.
Other methods of suspension for polyphase roads are shown
in the diagrams ( PigiK'es 29 and 30), The types shown ar^'
Timb«r
I n&ulato
Fig. 29. Fig 30.
those employed in the Valtellina Line near Milan, Italy.
In the cross span shown in Figure 29, the two trolleys are
carried above the center of the track and the transmission
wires are carried on one of the side poles. The bracket arm
construction for two trolleys is shovm in Figure 30. The
arm consists of a T~iron fastened to the pole at its inner
end and braced by a tension rod at its outer end. Insulators
at the outer end and at the pole are connected by span wires
to which the trolley wires are attached. The span wires are
galvanized steel cables, five m.m. in diameter.
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Fi& 33.
Trofey5
Fig.34.
T|-#|lcy
FL6 35.
©rotcKet 'A*'mj
Fig.36-
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Various diagrams of single phase construction are shown
in Figures 31 to 36, inclusive. The arrangement used on the
Spindersfeld line is shovm in Figure 31, Under the bracket
arm is supported a horizontal bar to which two messenger
wires are attached. The trolley is suspended below by the
double catenary construction previously described. Below
the horizontal bar is placed a metal bar which is grounded.
The purpose of this is to ground the trolley throu(^;h the
clips and messenger wires in case the messenger wires should
break.
In another form of construction, the bracket arm consists
of a T-iron supported at its outer end by a tension brace,
upon the arm there is slipped a barrel shaped insulator of
special design, having a central groove to which the messen-
ger wire is attached. The trolley is supported under the
messenger wire by clips in the single catenary construction
shown in Figure 36, For supporting the trolley wire at curves,
a steadying device is provided. This consists of a rigid
metal rod fastened at one end to the trolley wire and at the
other to an insulator on the bracket arm as shown. In Figure
33, a similar construction is shown except that the bracket
arm is of pipe, and the steadying device is fastened to the
brace under the arm.
The construction adopted on the Bloomington, Pontiac and
Joliet Line is shown in Figure 34. The bracket arm is made of
wood, and has a section three inches by five inches. Two
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trolleys are provided seven inches apart, and the messenger
wires help to carry the current, so that switching complica-
tions are avoided, and no extra feeders are required. The
trolley is supported below the messenger wires "by means of
clips which are 100 feet apart. The clips are provided with
a hook at each end, and when the trolley is strung up, the
hooks are hammered down to keep from coming loose. At present
it has not "been finally decided whether to set the clips 100
feet apart, or only 10 feet, there being good arguments for
either method. The poles are placed 100 feet apart, seven
feet from the center of the track, and are seven inches in
diameter at the tops, 35 feet long, and planted to a depth of
six feet in the ground.
Pig. 37.
I
In Figures 35 and 37 is shown the bracket arm construction
used throughout the line of the Indianapolis and Cincinnati
Traction Company, "between Indianapolis and Rushville, The
bracket arm is made of angle iron looped at the outer end to
form a slit several inches long, in which the insulators may-
be adjusted. The insulators are set in a horizontal wave, the
amplitude of the wave being about 12 inches, six inches to
each side of the center of the track; this is accomplished
by setting the insulators over one inch to one side each
pole for twelve poles, and then setting over in the opposite
direction. The object of this is to give a wider wearing
surface on the current collector.
Messenger wires are carried at the tops of the large flat
insulators, forming a catenary construction as shown in Fig-
T
/
Fig. 38.

ures 36 and 38, The trolley is supported 18 feet above
the center of the track and eight inches helow the messenger
wire at the bracket arms by clips set ten feet apart, the
length of the clips varying so that the trolley is held in a
horizontal position. The messenger wires thus serve to carry
all the strain, and the trolley wire is in the best position
for fast running cars. There is little likelihood of the
trolley breaking, and, if it does, not more than 10 feet can
hang down at any one place, and the circuit is not opened,
since the messenger wire is not insulated from the trolley
wire. The trolley wire is number 000 grooved copper, and the
messenger wire is seven sixteenths inches steel strand cable.
The trolley poles are set 100 feet apart. They are of white
cedar, seven inches in diameter at the tops, 40 feet long,
and set six feet into the ground. The transmission line is
carried on a separate set of poles on the right-of-way. The
line is provided with a power house at Rushville, and three
transformer stations, one of which is shown in Figure 39.
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The 41 miles between Rushville and Indianapolis are supplied
"by the high tension wires, there being two wires for each
station. At the left side in Figure 37 is shown a transmission
pole carrying wires for the second and third sub-stations.
Figure 38 shows the catenary construction, and at the right,
transmission poles carrying the transmission wires to the
third transformer station. This view also shows the method
of steadying the trolley upon a curve. To the large insula-
tor near the pole is fastened a stiff rod at the other end
of which is attached the trolley.
The whole line is built with the intention of making it
a double track road as soon as traffic will allow, and all
grading and bridges have been built with that end in view.
Double track is already laid in towns of any importance. Fig-
ure 37 shows one of the bridges built for the second track,
and Figure 38 shows the pole construction for two tracks.
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VI, CONCLUSION,
The trolley "bo?/ has already been adopted as the current
collector on many roads and seems to be well fitted for high
speeds and high pressure work. The catenary construction of
trolley suspension has also gained high favor, and the Huher
system has likewise shown excellent performance in heavy ser-
vice. The number of types of motors and other car equipment
is fast increasing and there are many excellent but widely
different ones already on the market,
Vfhile it is impossible to predict with any degree of cer-
tainty, it seems to the writer as though the construction
of the future will become standardized, pretty much as that
of the present direct current equipment has become standar-
dized, and lines will be provided with either the catenary
construction and the bow trolley, or with the Huber system
with its sliding rod contact. But, as stated above, the
field is fast changing, and it is not an impossibility that
at no remote date an even better form of construction will
be found. Who shall say that eventually the accumulator car
shall not be so well developed, through the labors of the
electro-chemical engineer, that trolleys will be dispensed
with altogether?
Unless such a thing does happen, the probability, as it
seems to most engineers, is that the alternating current
equipment will displace the steam locomotive and take care
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of heavy freight and suburban service, "but that, in street
car work, the present standard direct current equipment will
continue to be used.
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